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(54) Method of Indicating a cure point for ultraviolet radiation curing compositions by color 
diange 

(57) Adding a dye with a visible color to an Ldtraviolet 
radiation curable composition which contains a photoin- 
itiator whidi generates free radicals upon exposure to 
ultraviolet radiation produces a composition which 
changes visible color upon exposure to ultraviolet radta- 
tioa This visible color change indicates that the compo- 
sition has cured. TTiis cure indication is useful tor 
compositions curable by ultraviolet radiation in the elec- 
tronics and electrical industry. 
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Description 

This invention relates to a method of curing compositions by uttraviotet radiation. 

The curing of an ultraviolet radiation curable composition upon exposure to ultraviolet radiation varies with the kind 
5 of ingredients making up the composition, the kind of equipment used lor generating the ultraviolet radiation, the geometry 
of the device having a film, coating or encapsulant to be cured and the curing conditions to which the device is exposed. 
These variables make it difficult to determine at what pqjnt the composition is sufficiently cured. Many times to avoid the 
chance that a composition may be under cured, the dosage of ultraviolet (UV) radiation which is given to the items to 
be cured is excessive. Excessive dosages may not harm the items, but they could and. furthermore, using excessive 
10 dosages is expensive and a waste of resource Therefae, the discovery of the present method permits establishing 
curing conditions which can result in sufficient cure without either undercuring or overcuring. 

Materials for the electrical and electronics industry need to meet stricter requirements because the electronic devices 
are becoming smaller and more complex. The field of primed circuit boards is no exceptk)n. The various coatings require 
that the materials protect the etectronic devk:es and components from the environments which they may encounter 
15 either during processing or in use. Coating printed drcuit t)oardS with compositions which will cure to a film and which 
will provide the required protection without changing the designed electronic properties or othen^se damage the boards 
components is difficult to achieve because the components are very small and often of shapes and design which 
demands compositions which have special uncured properties, special curing properties and special application prop- 
erties. 

20 Printed circuit boards often need to be protected from contamination of the electrical and electronic components. 
This protection can be provided by coating or encapsulating the device bearing board with a protective film to avoid or 
m\n\mi2Q the reduction in the electrical performance due to contamination. Moisture and humidity are considered to be 
the worst corrtaminarrt because tt must be dealt with in most environments. Moisture and humidity can drastically lower 
insulation resistance between conductors, accelerate high voltage breakdown, accelerate dendritic growth and corrode 

25 the conductors. Other than moisture, chemical contaminants from the environment such as dust, dirt, solvents, acids, 
fungus, oils and fuels or those wfiich are used in the manufacturing process such as organic solvents, fluxes, vapors, 
ackis. release agents and metai dust. Handling a printed circuit board can also cause contamination, for example, from 
fingerprints. Confbrmal coatings are also used to protect the electronic componentsf rom the harmful aspects of extremes 
in temperature, shock and abrasion. 

30 Many confbrmal coatings and potting compositions are known in the art and are available commercially. Each has 
its advantages and disadvantages. One prior art conformal coating material is based on aaylics. Acrylic coatings make 
excellent coating and potting systems because they have desirable electrical and physical properties, are resistant to 
fungus growth, have a long life, tow or no exotherm during cure and have little or no shrinkage during cure. From some 
viewpoints, the aaylic coating systems have a production advantage because they can be readily applied by spraying, 

35 dipping or brushing. However this is also a disadvantage because the films are formed from solvent containing aaylic 
systems. The evaporation of the solvent is a stow and expensive step and the solvent vapors need to be controlled for 
environmental reasons. The solvents typically used are the chlorinated solvents, such as trichloroethane and methylene 
chloride. 

The combined impact of high energy costs and more stringent control regulatk)ns which restrict emissions of volatile 
40 solvents into the atmosphere has created a need in the coatings industry for high solids or solvent less systems which 
do not require a large amount of energy for conversion of the system into a high peribrmance coating. Coatings which 
are 100% solids are known and have a rapid cure at a relatively low conversion energy demand. Such coatings are 
acrylated coatings whk:h cure by ultraviolet radiation or by electron beam exposure. These are all reasons why it is 
inportant to have the ability to Know when a UV curable composition is cured so that extra energy usage is avokled and 
45 the cost is Kept to a minimum. 

This invention relates to a method of indicating a cure point of an ultraviolet radiation curing composition comprising 
adding a non-cure inhibiting amount of a dye with a visible color to an uttraviolet radiation curable composition comprising 
a photoinitiator which generates free radicals upon exposure to ultraviolet radiation and at least one material which cures 
upon exposure to ultraviolet radiation and thereafter exposing the resuKing composition to a dosage of ultraviolet radiation 
so which causes the visible color to either disappear or change to a different color indicating that cure has occurred coin- 
ddentally. 

The method of the present invention permits a user of ultraviolet radiation curable compositions to be assured that 
the resulting nraterial is fully cured. This is accomplished without overcuring by oksservation of visible color change. This 
color change occurs when a non-inhibiting amount of a dye vwth a visible color is added to a composition which cures 
55 by ecposure to ultravblet radiation. The change can be from blue to yellow, from red to yellow, from blue to clear and 
from yellow to clear. This color change usually lasts over long time periods and does not return upon standing. If the 
cure is not suff idently complete, the aiginat odor will return upon standing over a period of time, such as from a few 
minutes, to an hour or more, to a coupl weefe. For purposes of tiiis invention, the use of the term Visible dye" means 
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a dye which wid impart a color under ordinary visible light. Also, the color changes are those which are observable in 
ordinary visible light. 

The visible dyes useful in the present invention are those which, in the presence of free radical generating photoin* 
itiators, change color upon exposure to ultraviolet radiation. This color change occurs and is essentially permanent at 
5 the point that a U V curable composition is cured upon exposure to UV radiation. Some visible dyes useful in the present 
invention include, but are not limited to, anthraquinone dyes and disazo dyes. Examples of anthraquinone dyes include 

1 -amino-2-bronio-4-hydroxyanthraquinone of which Sandoplast Red 2B powder, sold by Sandoz Chemicals. Charlotte. 
North Carolina is an exanple, a proprietary anthraquinone dye sold by Sandoz Chemical as Nitro Fast Blue 2B. An 
example of a disazo dye is Nitro Fast Yellow B Powder, sold by Sandoz Chemical which has a formula C37H36N4O2. 

10 The amount of visible dye useful in a particular UV curable composition should be an amount less than that amount 
which will inhibit the cure of the composition upon exposure to UV radiation. For many compositions, the amount will be 
less than about 40 ppm based on the weight of the UV curable composition. Fix3m experience, the amount is preferably 
from about 1 0 ppm to about 40 ppm of the visible dye based on the weight of the U V curable composition. It was found 
that amounts of the visible dye which became too high could inhibit the cure of the UV curable conposition. The optimum 

15 amounts of visible dye in a given composition can readily k>e determined by adding a specific amount of visible dye to 
the composition and observing the color change, or lack thereof, upon exposure to UV radiation. If too much dye is 
added, no color change takes place, indicating the composition did not cure. At this point, one can increase the dosage 
of UV to determine whether the reason it did not cure was that the dosage was too taw. Further, evaluation can be used 
to determine whether the amount of visible dye concentration is too high. 

20 The UV curable compositions in which this color change can occur are those which contain a photoinitiator which 
produces free radicals upon exposure to UV radiation and in which there is at least one material which cures upon 
exposure to UV radiation. Example of photoinitiators wNch generate free radicals include benzophenone. acetonaph- 
thone, acetophenone, benzoin methyl ether, benzoin isobutyl ether, 2-hydroxy-2-methyl-l-phenylpropan-1-on . 1- 
hydroxycyclohexylphenyl ketone, 2.2-diethOKyacetDphenone, 3-hydroxypropylphenyl ketone. 3-hydroxypropyl-p-isopro- 

25 pylphenyl ketone and mixtures thereof such as a mixture of 50 weight percent of 1 -hydroxycyclohexylphenyl ketone and 
50 weight percent benzophenone. 

The amount of photoi nitiator is that amount which is conventionally required by the particular composition for curing it 
The UV curable compositions which can be used in the present invention are those whk:h are curable by photoini- 
tiators which produce free radtaals. These compositions can be either silicone compositk)ns. organic compositions or 

30 compositions whk:h contain both siltoone compounds (includes polymers) which wiU cure by exposure to UV radiation 
in the presence of a free radical photoinitiator and organic compounds (includes polymers) which cure by exposure to 
UV radiation in the presence of a free radical photoinitiator. These compositions are well known in the art and indud . 
but are not limited to. those which are desaibed herein. Some dt the prefenred embodiments of UV curable compositions 
useful in the present method are described below. The compositions containing the visible dye and photoinitiator are 

35 exposed to U V radiation from conventional equipment and under conditions normally used for such compositions wherein 
adjustments are made to reach the cure point by observation of the cola change. The point at which cure is achieved 
results in a cotar changa Therefore, the length of time or the dosage of UV radiation can be varied to produce tiie 
required cure. 

Corrpositions curable to gete can be those organosiloxane compositions which retain their gel properties at low 
40 tenperature. These organositoxane compositions cure in the presence of UV radiation and comprise an alkenyl-con- 
taining polymethylsilCDcane ¥wth a specified comWnatton of mono-, di- and trifunctional siloxane units, an amount of a 
mercaptoalkyl-containing pdyorgariosflaxane in an amount sufficient to cure the composition to a soa repairable gel 
and an amount of a photoinitiator sufficient to initiate curing of the composition in the presence of UV radiation. 

The alkenyl-containing polynrtethylsitoxane consists essentially of 80 to 97 mol percent of (CH3)2SiO units. 2 to 10 
45 mol percent of CHaSiOi .5 units. 1 to 6 mol percent of (CH3)3SiOo 5 units and 0.2 to 4 mol percent of units repres nted 
by the tonrnila (CH3)aRi SiOp-aya- where W represents 3-cyclohexenyl, cyctohexenylethyl or CH2=CH(CH2)x-. a is 1 or 

2 and X represents 0 or an integer from 1 to 6, inclusive. The alkenyl-containing pdymelhylsitoxanes are preferably 
liquids under ambient concfitions. 

These alkenyl-containing polymethylsitoxanes in which the alkenyl group is vinyl is described in United States Patent 
so No. 4.374.967. which issued to Paul Brown et al. on February 22. 1 983. A preferred class of alkenyl-substituted polymeth- 
ylsitoxanes contain from 87 to 95 mol percent of dimethylsiloxane units, from 3 to 6 mol percent of monomethylsiloxy 
units, from 1 .5 to 5 mol percent of trimethyteitoxy units and from 0.5 to 1.5 mol percent of dimethylvinylsiloxy units. 

Mercaptoalkyl-containing compounds are combined with the alkenyl-containing pdymethylsiloxane. The mercap- 
toalkyl-containing conpounds include a liquid organic compound containing an average of at least two mercapto groups 
55 per molecule or a liqukJ mercaptoalkyl-containing pdydiorganosiloxane having an average of at least two repeating units 
per molecule conresponding to the fomula 
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-SiO- 



or R -SiO- 





where R2 represents a mercaptoalkyi radicaJ. R3 represents a monovalent hydrocajtx)n or halohydrocarbon radical. The 
corrposHions are prepared by combining the alkenyl-containlng pdymethylsiloKane with the mercapto-containing com- 
pound such that the molar ratio of mercapto groups to alkenyl radicals in said composition is 1 or less. 

Preferred enixxJiments of the mercapto-containing polyorganosiloxane can be represented by the general Ibr muia 



where R7 represents a mercaptoalkyi radical containing from 2 to 6 cartx>n atoms, each represents methyl, phenyl 
or 3.3,3'trifluoropropyl. represents R^, R7 or a hydroxyl group, each Rs is methyl or phenyl, y and £ are each 0 or 
greater, with the proviso that R^ represents a mercaptoalkyi radical when both y and z are 0. Most preferably, the radicals 
represented by R^, R"^ and R^ are methyl and ingredient B is represented by the average formula 



where R^. y and 2 have the same del aiitions as above and y is at least 2. fV is preferably 3-mercaptopropyl or mercapto- 
fsobutyl. y is preferably from 40 to 45 induslve and z is preferably from 3 to about 10. 

The organk: compounds containing an average of at least 2 mercapto (-SH) grotps per molecule also contain carbon, 
hydrogen and, optionally, oxygen. These organic compounds preferably contain from 2 to 6 n^ercapto groups per mol- 
ecule. The organic compound can be. for example, but are not limited to, 2,2'-dimercaptodiethylether, dipentaerythritol- 
hexa(3Hiiercaptopropionate). glycol dimercaptoacetate. trimethylolpropane trithioglycolate and trimethytolpropane 
trimercaptopropionate. 

The UV curable compos(tk)ns which cure to gels and which are useful for the present invention are those which 
contain photoinitiators whk:h generate free radicals. The photoinitiator is present in an amount sufficient to promote 
curing of the conposrtton upon exposure to UV radiation. 

The photoinitiator shouk^ be compatible with the other ingredients of the present compositkDns. Compatibility can 
readily be delennined by blending one weight percent of the candidate photoinitiator with the other liqukl ingredients of 
the UV curable oompositkm and mixing the resultant oomposrtk)n at room temperature or with heating to a temperature 
of about 80«C. The resultant composition shouM be opticaHy dear without any dispersed or precipitated material. The 
photoinitiators are exemplified above. 

In addition to the alkenyl-containlng pdymethylsitoxane. mercapto-containing compound and photoinitiator, the 
present compceltions can contain ip to about one weight percent of conventional viscosity stabilizers to inhifcxt gelation 
during storage. Examples of suitable viscosity stabilizers indude amines such as 2-(diisopropylamino)ethanol and tri- 
octylamine and free radical scavengers such as pnnethoxyphenol. catechol, hydroquinone and 2,6-di-t-butyl*p-methyl* 
phenol. 

It may be desirable to indude an organk: peroxide tiiat deaxrtposes at a tenperature within the range of from about 
100'C. to about 250»C. This is particularly true if the substrate to which the conposition will be applied is contoured 
such that a portk>n of the curable composition is shieMed from the ultraviolet radiation to which the coated substrate is 
subsequently exposed tor the purpose of curing the gel conposition. 

The UV curable composHk)n$ can contain a rei nfordng filer or other type of reinfbrdng agent to improve the physical 
properties of the cured material. In those appticatkxis where transparency of the cured gel is a requirement, the rein- 
forcing agent is preferably a f hely divided hydrophobk: silica of the type described in United States Patent No. 4.344.800. 
issued to Michael A. Lutz on August 17. 1982. The disclosure of this patent is a teaching of silica filters suitable for use 
in the optically dear gel compositions of this inventioa 

The ingredients of the compositions are blended to form a homogeneous mixture using any of the known techniques 
that will not adversely affect the storage stability of the composition in the absence of ultrayk)let light Uiless tiie com- 
position exhibits bordertinestorag stability in th absence of UV radiation, the order in which the ingredients are added 
is not critical. If the ingredients have a tendency to react, it is preferable that the alkenyl-containing polymethyisiloxane 
be combined first with the viscosity stabilizer and, lastly, the mefcapto-containing compound and photoinitiator. Curable 



R62R4SiO(R7R6SiO)y(R6R5SiO)2SiR4R62 



(CH3)3SiO{(CH3)2SiO},(R7CH3SiO)ySi(CH3)3 
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compositions containing a viscosity stabilizer can typically be stored for longer than about 6 ninths under ambient 
conditions. 

The compositions cure rapidly typically requiring about one second or less of exposure to UV radiation from a 
medium pressure mercury vapor arc lamp. The amount of energy required to cure preferred compositions is from 0.1 

5 to about 3 joules per square centimeter, depending upon the ingredients and the thickness of the layer of curable com- 
position applied to a substrate. 

The intensity of the UV radiation used to cure the compositions can be measured using any of the available tech- 
niques. A preferred method employs an integrating photometer which is exposed to a mercury vapor arc lamp or other 
source of U V radiation under the same conditions used to cure the coated substrate. A commercially available integrating 

10 photometer is the "Light Bug" available from Intemational Light. With the method of the present invention, the visible 
dye is added to the composition and upon exposure to UV radiation, the color changes when cure is achieved. This will 
eliminate the necessity to constantly check with a photometer during manufacturing operations. In those instances, 
where a wet film of the composition is exposed to the UV radiatk)n and the color does not change or the color returns 
after a short period of time, it is apparent that the dosage is insufficient 

15 These organosiloxane gels can include uses as protective coatings and encapsulants for electrtoal and electronic 
components, particularly solid state devices such as Integrated circuits and electrical connectors. The gel can pr vent 
penetration of atmospheric moisture and other materials that can corrode or otherwise damage the component. 

An exanple of such UV curdt)le composittons which cure to gels is described by Lee et al in U. S. Patent No. 5. 063 . 1 02 
to show UV radiation curable compositions useful in the present invention. 

20 Other corrposition which cure to gels and us^l in the present invention is described by Himstedt in EPA 0 363 
071 , published on April 1 1 , 1990. to show UV curable compositions which cure to gels. The corrpositions describ by 
Himstedt comprise an acrylamkJe functional pdyorganosiloxane of the general formula 




in which t is an average of at least 44 and has a value such that the mol percentage of dimethylsiloxane units in the 
polydtorganositoxane is from 88 to 94.5. a has an average value of at least 2.5 and has a value such that the mol 
percentage of methyiphenylsiloxane units is from 5 to 10. r is at least 1 and less than 2. R is a divalent alkylene radical 
having 3 or 4 carbon atoms, each R' is a hydrogen atom or an acyl radical of the formula 



45 
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CH^sCH-C- 
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CH^-C-C- 

^ I 
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II 

or CHjC- 



50 



55 



5 



EP0711801 A2 

where at least 15 percent of the R' are 



0 

II 

CH2=CH-C- 



or 



0 

I 

CH-, = C-C- 
^ I 
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and a curing amount of a photoinitiator which generates free radicals when exposed to UV radiation. 

Lutz in EPA 0 396 246. published November 7. 1990. also descrbes UV curable compositions which cure to gels. 
IS The U V curable oomposittons desoribed by Lutz conrprise a blend of acryl functional polydiorganosiloxanes and a photo- 
sensitization system for curing the blend when irradiated with UV radiation, wherein the blend is 4 to 90 mole percent 
of an acryl functional endblocked polydiorganosiloxane of the general formula 

YRi02SiO(R92SiO)nSiRiO2Y . 

20 

9 to 50 mole percent of a mono-acryl functional endblocked polydiorganosiloxane of the general formula 

Ri03SiO(R92SiO)nSiRi02Y . 
2S and 0 to 65 mole percent of a non-functional polydiorganosiloxane of the general formula 

Ri03SiO(R92SIO)„SiRi03 

where, in the above formulae. Rd is a monovalent radical selected from the group consisting of alkyi, aryl and fluorinated 
30 alKyl; each Rio is independently selected from the group consisting of R^, hydroxyl and a hydrolyzable group. Y is an 
acryl functional radical bonded to silicon atom through silicon-cartXDn bond where the acryl function has the formula 



36 



40 



0 

il 



.13 



or the formula 



45 



so 



0 0 R^^ 

1 • ' 13 
CH-i^C-C-Z-R*-Z-C-CH-CH5-N-R"- 

I I 
R*' 



55 in which R" is a hydrogen atom or methyl. Z is divalent oxygen or -N(R12)-. R^2 is a hydrogen atom or an alkyI of 1 -4 
carbon atoms. R13 is a divalent hydrocarbon radical having from 1 to 10 carbon atoms per radical. R' is a divalent 
hydrocarbon radical or a divalent hydrocarbon radical containing ether linkages and n has a value of from 30 to 3.000. 
the mole percentages being based on the total blend as 100 mole percent and where the polydiorganosiloxanes of Ihe 
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blend are present in amounts to provide 20 to 95 percent of the endblocking as acryl functionality and 5 to 80 percent 
of the endblocldng as non-functional. 

Some prefeaed conformal coating compositions are those UV radiation curable compositions containing aliphatic 
unsaturated functional silicone resin, an organic mercaptan, an acrylate monomer, a photoinitiator and a free radical 
5 inhibitor wherein the photoinitiator is a free radical generating photoinitiator. In accordance with the present invention, 
visible dye is added to them and then they are exposed to UV radiation and cure is achieved when the color change 
occurs. 

The compositions consist essentially of the silicone resin having a general average unit formula 

10 R'cSiO(4.c)« 

in which each R' in each unit is independently a monovalent organic radical where at least 10 mole percent of the total 
R' are phenyl radicals and at least two R' per molecule are aliphatic unsaturated radicals which react with mercapto 
functionality and c has an average value of from 1 .2 to 1 .8; the organic mercaptan composed of cartxxi, hydrogen, sulfur 

IS and oxygen in which there is at least two mercapto groups per molecule; tiie acrylate monomer having at least on 
acrylate group per nwlecule in an amount of at least one weight percent based on the total weight of tiie composition; 
an effective amount of photoinitiator to cause the composition to cure upon exposure to UV radiation where the photoin- 
itiator generates free radicals upon exposure to the UV radiation; and an effective amount of tiie free radical inhibitor to 
delay gellation during storage, the composition has more tiian two aliphatic unsaturated radicals per molecule in the 

00 silicone resin when the organic mercaptan has two mercapto groups per molecule or more tfian two mercapto groups 
per molecule in the organic mercaptan when the silicone resin has an average of two aliphatic unsaturated radicals per 
molecule or both nnore than two aliphatic unsaturated radicals per molecule in the silicone resin and more than two 
mercapto groups per nrK>lecule in ttie organic mercaptan and amotffit of silicone resin and organic mercaptan being such 
that there is from 0.5 to 1 .5 aliphatic unsaturated radicals in the silicone resin fbr each mercapto group in the organic 

05 mercaptan. 

The silicone resins contain aliphatic unsaturated radicals which react wittn mercapto functionality. These silicone 
resins have an average of 1 .2 to 1 .8 aganic radical bonded per silicon atom and at least 1 0 mole percent of the organic 
radicals are phenyl. The silicone resins have per molecule at least two aliphatic unsaturated radicals which react with 
mercapto functionality. The silicone resin has a general average unit formula 

30 

R'cSiO(4.c)/2 

in which £ has an average value of-from 1 .2 to 1 .8 and R* is a nwnovalent organic radical where at least 10 mole percent 
of the R' are phenyl radicals and at least two R' per molecule are aliphatic unsaturated radicals which react witii mercapto 

35 functionality. The general average unit formula is the summation of individual siloxane units which are SiOz units, R*Si03/2 
units. R*2SiO units. R'aSiOi/g units and each R* in each siloxane unit is independentf y selected from the group as defined 
herein. Each siloxane unit does not need to be present in each silicone resin, but the sfloxane units which are present 
need to provide an average value for £ of from 1.2 to 1.8. R' can be independently selected from an alkyl. alkenyl. 
halogenated alkyi or aryl. The alkyi radicals can be illustrated by methyl, ethyl, propyl, isopropyl. butyl, hexyl and octyl. 

40 The alkenyl radfoals can be illustrated by vinyl, allyl. cyctohexenyl, 1 .2-butenyi and 1 ,2-hexenyl. The halogenated alkyi 
radicals can be illustrated by 3.3,34rif luoropropyl and other chtorinated. f luorinated and brominated alkyi radicals wherein 
hydrogen atoms of the alkyi radicals are replaced with a halogen atom. The preferred alkenyl radfoals are vinyl and 
hexenyl. Other preferred radicals are metiiyl. propyl. 3,3,3-trif luoropropyl and phenyl. Prefenred silicone resins are those 
which are made up of at least two siloxane units selected from the group consisting of monophenyi-silsesquioxane units. 

45 monomethylsilsesquioxane units, dimettiyl-siloxane units, diphenylsiloxane units, methylvinylsiloxane units, dimethylvi- 
nytsiloxy units and trimethylsilaxy unita The preferred silicone resins contain from 20 to 80 mole percent monophenyi- 
silsesquioxane units where the remaining siloxane units can be those listed above. A more preferred class of silicone 
resins are those made up of from 20 to 40 mole percent monophenylsilsesquioxane units. 10 to 20 mole percent mono- 
metiiylsilsesquioxane units. 20 to 35 mole percent dimethylsiloxane units and 10 to 30 mole percent methylvinylsiloxan 

so units. The silicone resins can be one resin or a blend of two or more resins. The silicone resins can contain residual 
silfoon-bonded groups wWch result from their preparation, such as hydroxyl groups (Si-OH) and alkoxy groups (SiOR") 
where R** is an alkyi radical of 1 to 4 carbon atoms. 

The crosslinked density, flexiblity of cured products and the modulus of cured products are controlled by selecting 
the amount of aliphatically unsaturated radicals in the silicone resin and the average degree of substitution of the silicon 

55 atoms by silicon4x)nded carbon groups. For example, increasing the average number of aliphatically unsaturated rad- 
icals per molecule increases the modulus and decreases the flexibility with other composition parameters remaining 
constant Inaeasing the average degree of substitution of the silicon atom increases the flexibility and decreases tiie 
modulus with the other composition parameters remaining constant These are general gukJelines and the proportional 
increases and deaeases in the modulus and flexibility can be varied with the kinds of ottier R groups, the amount of 
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phenyl, the Wnd of aliphatically unsaturated radicals and the Wnds art 

the silicone resin. ... ■ i» i„ 

The organic mercaptan contains an average of at least two mercapto functonal grou^ per molecule. In th«e 
coo^Srthe nuSr of aliphatica.^ unsaturated groups per ^^^^'I^T^^^ 
miTter of mercapto functional groups in the organic mercaptan is two or if the number of aliphaHcally unsaturatea 
Se in the silicone resin is two. then the average numt)er of mercapto functional groups per mdecUe 
Sro^Q^rmtcUn must be more than two. These composrtions can contain silicone resin having per molecule 
IrftteifSi^wS^lly unsaturated groups per molecule and organic mercaptan having per molecule more than 

SlwTaS^meSolprcvanr«(3-m^ trimethytotethane trithioglycolate. polyethylene glycol d.mer- 

SSciLtrgS dSnercaptoacetate and dipentaerythritot hexa(3-mercaptouropionate). The preferred organic 
^S^T^JZ^pro^B triO-mercapto-propionate). Mixtures of two or more organic mereaptans can be used. 
Si SiSSiJ^compositio.^^ contain, as an ingredient to improve the corrosion resistance, improve 

:^rr::SSSCSXpanetHm^^ 

GTCoane iriacrylate pentraerytritol acrylate (contains three acrylate groups). di(trimethylmettvlolpropar» tetrataacr 
5aT t-^SS^r^e Jacrylate di-(pentraerythritol monohydroxy pentaacrylate). hydroxyle*yl acrylate. 
^SSicviS^SEwTl-hydro^ acrylate. isobanyl acrylate. proprietary acrylatessuch asfunctwnateed acr- 
rtS^S^aJSSJiKtriaStete)^ 

!SlTrZr^Sni scTw iy ARcS Chemical Corrpany of Pennsyh«nia. The acrylates are used in amounts of 
nna u/pioht oercent or more based or> the total weight of the compositiori. 
uSlw^^aL^e of causing free radical 

ofthfe^i^The^iwSrtra^^^ 
2Jj«J^^Son2^Srii^aphotosensi*«tions 

^ttlSTSSS^fc^S^^ediet^^ 

S^^ri^rSJa mX^l-phenyfpropan-l^a with optional sensitizors such as N-methyld.ethanolamine, diiso- 

. TJS^ ^i^SSS^l^^n^Ss ttie biSZg of the ingredients can be accompKshed by some heating. 
HSh^lSS^ teVaturlbecome too high a the duration of *e heating is 

r^^raSrsS'a:?s:^rhCi^r^^ 

'^SSS'S^iSriSSs^^ by first preparing the conposition by mixing the silicone resin, the 

conformal coatings can be used as mar reselant <»2°^'«^^^ ^ refractive index of 

i for autoinobile engines, coatings for deep cross section pottanls. optical fi^ 
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photoinitiator. less than 0.05 weight percent free radical inhibitor and when present organic peroxide in amounts of from 

1 to 5 weight percent. The weight percentages are based on the total weight of the composition. 

It is also expected that the mercaptopropylsiloxane and mercaptobutylsiloxane containing polymers described in 

Lee et al ('486) in US. Patent No. 4,780.486, issued October 25, 1988. may be useful as substitutes fa the mercaptans 
5 of the present invention, especially those in which phenyl-containing siloxane units are also in the polymer. Additional 

modifications which may be useful include acryfate functional oligomers, other vinyl functional organic monomers, such 

as divinyl benzene and thiol functional silicone resins. 

An example of UV curable silicone organic confbrmal compositions useful in this inversion is described in EPA 0 

456 346. published on November 13, 1991, to show silicone organic conformal coatings curable by exposure to UV 
10 radiation. 

Another example of suitable compositions which can be used in the present invention are tiiose described by Lutz 
et al. in U.S. Patent No. 5,036.1 14 to show UV curable silicone organic compositions. These compositions comprise a 
polydiorganosiloxane having on the average mae than atxjut 0.4 acrylamide functional groups per molecule and being 
crosslinkaWe by exposure to UV radiation in the presence of a photosensitization system, an effective amount of a heat 
15 Stability additive selected from the group consisting of zinc naphthenate. stannous octoate and tetraorganotitanate and 
an effective anx>unt of a photosensitization system. 

Lutz et al also described in copending application Serial Number 556.696. filed July 20. 1 990. assigned to th same 
assignee as the present application, UV curable silicone organic compositions. These compositions comprise a com- 
patible mixture of an acrylanvde functional polyorganosiloxane having an average unit fbrmula 

20 

T<,R1^eSiO(4Hi.e)/2 

in which Ri^ is a monovalent organic group where at least 5 to 10 mde percent of Ri^ are aromatic based on all Ri^ 
equal to 1 00 mole percent. T is an acrylamide functional group bonded to the silicon atom through a silicon-carbon bond 

25 d has a value such that tiiere is on the average at least 0.4 acrylamide functional group per molecule, e has a value 
such that the polyorganosiloxane can be applied to a substrate and cured by exposure to UV radiation, the sum of d + 
t Is at least 0.7 and a photosensitization system. 

Organic confbmial coating compositions combine the toughness of certain resins, low shrinkage of monofunctional 
norpolar monomers, low Tg resins and monomers and adhesion promoting monofunctional and difunclional monomers. 

30 These organic confbrmal coating compositions have low temperature flexibility and good thermal shock resistance and 
electrical properties. The composition can be post cured using a peroxide which is stable at nomial room temperature 
processing and has a long shelf life, such as six months. The composition can also contain a fire retardant. These 
features are obtained without the use of solvents and can be applied to substrates by dip coating, by spray coating and 
brushing because of the low viscosity. 

35 These compositions are UV curable compositions consisting essentially of a blend of 20 to 45 weight percent of an 
acrylated urethane oligomer containing an average of about 2 acryl groups selected from the group consisting of aaylate 
and methacrylate, sakJ acrylated urethane oligomer being based on aliphatic isocyanate and having a number average 
molecular weight of from 1 .000 to 6.000. 5 to 25 weight percent of an acrylate selected from the group consisting of an 
aliphatic monofunctional acrylate ester having a molecular weight less than i ,000. a polybutadiene diacrylate having a 

40 molecular weight less than 4.000. a polyoxyalkyteled diacrylate having a nrwIecUar weight less tfian l .000 and a mono- 
functional acrylate of the general formula 



45 



CH,=CH-C-(OC2H^)h(OC3H6)i 



CH - 



// 



■0-C 



CH — 



CH 

w 
/ 

CH 



C-(C,Hi8)fH 



so 



in which at least one of h or I is at least l and the total average value of b and 1 Is sufficient to provide a viscosity at ZS'C. 
ol001to02Pa-8andiis0or1.9.5to40 weight percent of an aliphatic bicydic monofunctional acrylate monomer 
selected from the group consisling of isobanyl acrylate. isobomyt methacrylate. dicydopentenyloxyethyl acrylate and 
dicydopentenyloxyethyl methacrylate. 0.5 to 6 weijW percent of photoinitiator. 0 to 10 weight percent of an acrylate 
ester having at least thr acrylate or methaaylate gioups per molecule and having a molecular waght less than 600. 
0 to8 weight percent of a peroxide having a 10 hour haH lite temperature of from 85»C. to 105-C. inclusive. Oto 10 weight 
percentdahydroxyKxxrtalning acryl moiwmerselectedfrom the group 00^ 
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alkylmethacrylate. 0 to 20 weight percent of a fire retardart, 0 to 6 weight percent of an adheson promoter ito l .000 
Dom of polymerization inhibitor in which the inhibitor is derived from 0 to 100 ppm of 4-methoxyphenol. 0 to 500 ppm of 
hydroquUione and 0 to 500 ppm of phenothiazin . 0 to 0.01 5 weight percent of a fluorescent dye and the composition 
has a viscosity at 90»F of less thani Pa • s. 

These compositions are curable by exposure to UV radiation and also can be formulated so that they can be cured 
by exposure to heat. The compositions can be cured by exposure to UV radiation and still bemade to possessttie ^Irty 
to cure by heating. i.e., post curing or shadow curing. These organic confbrmal coating compositons can be used to 
coat ciicuit boards which have conplex devices or components which have undercuts, i.e. regions or locations where 
the coating conposition will be out of sight of the UV radiation and thus would remain uncured. Compositions intended 
to be used for coating such circuit boards having devices with undercuts should have the ability to cure in the shadowed 
areas and would be tormulated to contain peroxide. However, the compositions have the ability to cure via heating and 
thus the regions or locations which are not exposed to the UV radiation can be cured by »wre » *^ The amount 
of heat ai2l the duration of the heating necessary with the composition is relatively low. The ability to cure me com^ 
sitions with low amounts of heat isinfwrtant because many of the electronics materials and constniction can be effected 
bv exposure to high temperatues or to heat for long durations. 

comp^itions contain from 20 to 45 weight percent of an aayteted urethane oligomer having an average of 
about2acrylateormethaaylategro^)S.Theseurethaneoligomersarebasedonaliphaticis<»^ 
aveiaae molecular weight of from l.OOO to 6.000. The aliphatic Isocyanates are preferably diisocyanates including 1^- 
hexaiSethylene diisocyanate. 1.44,examethylene diisocyanate. ^2.4-trimethylhexamethylene ^^j;^'^^ 
methylhexamethylenediisocyanalft4.4-Hnethylene-bi8(cydohexyl)isocyanate.^^^^^^ 
2 4Ssocyanatecyclohexane. T1,e acrylated urethane oligomers are known in the a«J 'hose wt^ch '^ f^^^ 
useful in the present invention are those which are desaibed in U.S. Patent Na 4.607.084. issued August 19. 1 986. to 

^'Se acrylated urethane oSgomers can be mixtures of two or more different oligomers or P'^f^^-JT^^J^^l 
,««tureof atleastti^difieremmolecularweighf acrylated urethaneprepolymers^^ 

orecoiynier and a polyester urethane acrylale. The acrylated urethane prepolymer provides f ength to the cured f^Jm 
SSWlyS^ ^^ne aaylate provides etongation to the cured fims. They can also be Wends, such as thc«e 
™^^rp^yetherdiolsai^^^ 
sSf^ScS^^SvSndudealMaoylat^ 

dIglWethere. A preferred reactive solvent is ethoxyethoxyethyl acrylate. The 
^2t^?i?ve^2e rtf«)m 0 to S) weight percent based on the total weight of the aoylated 

urSaneCmeTpSSaWy.*^ 

"^'^Thrt^oligomer" and "prepolymer" are irterchangeaWe. Some examples of commercially available acrylated 
„r»,haoVrLme?^ WtowB and Ebecryl 4883 sold by Radcure Specialties of Virginia. Ebeayl 230 

"^"8 •» reactive diluents, has a viscosity at 25-C. of 30 to 40 

pV s.'aTrS,r^Sr^tio.eSweJ^ 

urethane acrvlate oligomer or prepolymer and 15 weight percent tnpropylene glycol diacrytet* the ohgonw has a 
^^^>^n^a^^^em^U^^ and a viscosity at 60-C. in the range of 2.8 to 4.2 Pa • s. Uvthane 782 and 
SS^T^sSSCSSTt^ (^tion. Chemical Division. Illinois. Uvithane 782 a polyester ure- 
t^;:S^e^h^SJ^scos^ 

^'l^h"; aa^a^'S^e oligomer is preferably present in an amount of from 25 to 40 weight percait. A preferred 
acrySXi^eolU^isfmixtureofStoeweightpercempolyester urethane ac^^^^ 

less than 1.000. a polybutadiene diacrylate having a molecular ^^^^^f^l^^^^ ° 
1^ a molecular weigM less than 1 .000 and a monofunctional acrylate of the general tommla 
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0 CH - CH 

It // 

CH = CH 



in which at least one of h or 1 is at least 1 and the total average value of h and I is sufficient to provide a viscosity at 25'C. 
of 0.01 to 0.2 Pa • s and f is 0 or1 . An example of an aliphatic monofunctional acrylate ester is C-901 3 which is sold by 
Sartomer Corrpany of Pennsylvania, has a boiling point of l2rC. at 10 mmHg, has a viscosity at 25'C. of 0.005 to 

75 0.01 5 Pa • s and contains 1 60 ppm + or • 20 ppm of 4-methoxyphenol. An example of a polybutadiene diacryiate having 
a molecular weight less than 4,000 is C-5000 sold by Sartomer Company of Pennsylvania, has a number averag 
molecular weight of 3,000. a viscosity at 25*C. of 4.5 to 5 Pa ' sand contains 400 ppm BHT. a butylated hydroxy toluene. 
An example of a polyoxyalkylated diacyiate having a molecular weight less than 1 .000 is C-9000 which has a numb r 
average molecular weight of 800, a viscosity at 2S'C. of 0.12 Pa • s and 250 ppm of 4-methoxyphenol. Examples of the 

so acryiates having Famula I are shown by the following fbmwlae and are sold by Toagosei Chemical Industry Co., Ltd. 
of Tokyo. Japan: 

M-101 , having a viscosity at 25'C. of 0.02 Pa • s. a Tg of -25»C. and a formula of 

2S 0 CH - CH 

CH2=CH-C- (0C2H^)h-0-C^ ^CH ; 

CH— CH 

30 

M-1 11 . having a viscosity at 25''C. of 0.08 Pa • s. a Tg of -8''C. and a formula of 

35 

0 CH - CH 

tl // w 

^ CH2-CH-C-(0C2H^)j^-0-C^ ^^-(C^H^,) ; 

CH— CH 



45 M-1 13. having a viscosity at 25'C. of 0.11 Pa • s. a Tg of -43«C. and a formula of 



0 CH - CH 

CH2-CH-C-(0C2H^)j^-0-C^ ^C-CC^H^,) ; 

CH— »CH 
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andM-117. havingavisoosit/at2S*C.of0.l3 Pa - s and a Tg of -20'C. and a formula of 



0 CH - 

II / 



CH 

w 



CH— 



/ 

CH 



10 



The preferred acrylate monomer is M-113, whicli is also known as alpha-(i-oxo-2-propenyl)H)mega-(nonytphenoxy)- 
poly(axy-l .2-ethanedlyt). The aaylate monomer Is present in an amount of from 5 to 25 weight percent of the txarpo- 
IS sitlon, preferably 10 to 15 «vejght percent of the composition. 

The aliphatic t»cyclic monofunctional aaylate monomer selected from the group consisting of isotXKnyt aaylate. 
isobornyt methacrylata dicyclopentenyloxyethyl aaylate of the formula 



so 



ss 



30 



CHo 



CH- 



CH 



CH-=CHC0CH-CH,OCH - CH 

2 2 2 ^ I 



CH - CH 



CH ^CH 



dicyclopentenyloxyethyl methacrytate of the formula 

3S 



40 



45 



0 

I 



CH- 



CH, 



CH 



CH-=C-COCH,CH-OCH - CH 

2 I Z Z y 



CH - CH- 



/ 



CH 



CH 



and mixtures thereof. Isobornyl acrylate has a viscosity at 25^C. of about 0.0 1 5 Pa * s and usually contains as an inhibitor 
50 100 ppm of 4-fnethoxyphenol. Isobornyl methacrytate has a viscosity at 25<'C. of 0.015 to 0.019 Pa * s. Dicyciopente- 
nyloxy-ethyt acrylate has a viscosity at of about 0.02 Pa * s. Dicyclopentenyloxyethyl methacrytate has a viscosity 
at 25*C. of 0.015 to 0.019 Pa * s. The aliphatic bicydic monofunctional acrylate is present in an amount of 9.5 to 40 
weight percent of the composition, preferably is present in an amount of 20 to 35 weight percent. The preferred aliphatic 
bicycKc monofunctional acrylate is dicyclopentenyloxy-ethyi aaylate. 
55 The photoinitiator to provide the UV radiation curable property can be any of those which are known in the art to 
cure acrylates and methacrylates and generate fre radicals upon exposure to UV. However, neither the photoinitiator 
nor its by-products should t>e corrosive to the electronic materials which it wilt come in contact with during its use. 
Illustrative of the photoinitiatDrs ar 2.2-diethoxyacetophenone. benzoin methyl ether, benzoin ethyl ether, benzoin iso- 
propyl ether, atpha-methylbenzoin. a^sha-ethyl-benzoin. alpha-methyl benzoin methyl ether, alpha-phenylbenzoin. 
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alpha-allylbenzoin, anthraquinone, methylanthraquinone, ethyl-anthraquinone. tertiary butylanthraquinone, benzH. 
diacetyl. benzaldehyde, acetophenone, benzophenone, omega-benzoin. 2.3-pentanedione. hydroxycyctohexylphenyl 
ketone, hydroxymethyl phenylpropanone and xanthone. The photoinitiator is used in amounts of from 0.5 to 6 weight 
percent of the composition and which are suitable to provide cure of the composition when it is exposed to UV radiation. 
5 The prefen'ed photoinitiator is 2-hydroxy-2-m6thyl-1 -phenyl-propan-1 -one and the preferred anfK>unt is from 2 to 5 weight 
percent of the conrposition. 

The acrylate ester is one having at least threeacrylate or methacrylate groups per molecule and a molecular weight 
less than 600. These acrylate esters can be present in amounts of from 0 to 10 weight percent of the composition. 
Preferably, the acrylate ester is present in an amount of at least 0.1 weight percent of the composition with the most 

10 preferred amounts being from 3 to 8 weight percent of the composition. Some examples of the acrylate esters are 
ti-imethytolpropane trimethylacrylate (mol. wt. a 338). pentaerythritol tetraaaylate (moL wt. = 352). ethoxyated trimeth- 
ylolpropane friacryiate (mol. wt. = 428), pentaerythritol acrylate (contain three acrylate groups, mol. wt. » 298), di-tri- 
metfiylolpropane tetraacrylate (mol. wt. = 438), trimethylolpropane triacrylate (mol. wt. = 296) and dipentaerythritol 
monohydroxy pentaacryiate (mol. wt. = 524). These acrylate esters are available commercially and are usually sold with 

15 an inhibitor present. Some of these commercially available acrylate esters may also contain small amounts of solvent 
which is a result of their preparation. The preferred acrylate ester is dipentaerythritol monohydroxy pentaacryiate. 

The organic peroxide can be present in an amount sufficient to provide cure when the composition is exposed to 
heat after the composition is cured by exposure to UV radiation. The amount of organic peroxide can be from 0 to 8 
weight percent of the composition. The organic peroxide is one which has a 1 0 hour half life temperature of from 85'*C. 

20 to 105*C. inclusive. Peroxides which have this 1 0 hour half life temperature provides compositions which can be packaged 
in one container for sNpment. i.e. tiiey have an acceptable shelf life for commercial shipping. These peroxides also can 
be cured at an acceptable temperature when the application is for confbrmal coatings on printed circuit boards. When 
the conpositions of this invention are used fa printed circuit boards which have devices with undercuts, it is preferred 
to have ttie organic peroxide present in amounts of from 0.1 to 6 weight percent of the composition, so that the compo- 

25 sitions can be cured in the shadowed areas by heating. The preferred amount of organic peroxide is at least 0.5 weight 
percent of the composition, with the most prefenred amounts being from 0.5 to 4 weight percent. Thus, the organic 
peroxide is one which will provide a storage stable uncured composition, which will cure upon heating and which will 
not produce acidic by-products that can cause corosion to electronic materials. Suitable organic peroxides include the 
following where the 10 hour half life temperature is in parentheses following the peroxide name. l.1-bis(t-butylper- 

30 oxy)cyclohexane (93*0.), o,o-tertiary-butyl-o-isopropyl monoperoxy cartxnate (99*C.). 2.5<limethyl-2.5-di-(2-ethylhex- 
anoylperoxy)hexane (87'C.), 1,1<li(t-butylperoxy)-3.3.5-trimethylcylcohexane (92*'C.). 2.2-di(t-biJtylperoxy) butane 
(1 04*C.) and 1 -cyano-1 -(t-butylazo) cyclohexane (ge^C). The preferred organic peroxide is 1 , 1 -bis(tertiary-butylperoxy) 
cyclohexane and the preferred amounts of ttiis peroxide are 0.5 to 4 weight percent. It might be possible to use organic 
peroxides which have 10 hour half life temperatures between 105'C. and 130«C. if the compositions are to be used on 

35 substrates which are very heat stable, such as on certain ceramic printed circuit boards. The prefen-ed organic peroxide 
is 1 ,1 -bis(t-butylpefOxy) cyclohexane. 

The hydroxy-containing acryl monomer in anxjunts of from 0 to 1 0 weight percent of the composition. The hydroxy- 
containing acryl monomer can be a hydroxyalkytacrytate or a hydroxyalkylmettiacrytate. The hydroxy-containing acryl 
monomer can be illusirated by hydroxyelhyl aaylate. hydroxypropyl acrylate. 4-hydroxy-n-butyl acrylate, hydroxyethyl 

40 mettiaaylate, hydroxypropyl methacrylate and 4-hydroxy-n-butyl metiiacrylate. The preferred hydroxy-containing acryl 
monomer is hydroxyelhyl methacrylate. The hydroxy-containing acryl monomer is preferably present in anrounts of 0.5 
weight percent of ttie composition and the more prefened compositions contain from 3 to 9 weight percent. The hydroxy- 
containing aayl monomer reduces the viscosity of the composition and also increases the adhesion of tiie cured films 
to substrateSb 

45 The f re retardant can be trixylenol phosphate The amount of fire retardant can be from 0 to 20 weight percent of 
tfie conposition, preferably in amounts of at least 1 weight percent of the composition. A prefen-ed composition contain 
fire retardant in an amount of from 3 to 10 weight percent and it is preferably tirixylenyl phosphate. Because many of the 
fire retardants can be corrosive to the electronic materials and components, tiie selection of a fire retardant should be 
considered carefully and preferably tested before it is used, to detemiine whether it will be con^osive. The preferred fir 

50 retardants are the trioiganic phosphates, such as ttw trixylenyl phosphate. The halogenated fire retardants are known 
to be too oorrosxs/e to be useful in the compositions off this invention because tiiey oomxfe the electronic components 
which come into contact with ttie cured composition. 

The adhesion promoter can be present in amounts of from 0 to 6 weight percent of the composition. The adhesion 
promoter is preferably a phosphorus material of the formula 

55 
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OH 



CH-=C-C-OCH-CH,0-P=0 
0 • OH 



10 

and a mixture of compounds of the formulae 



IS 



CH, 

I 



OH 



(CH2=C-C-0CH2CH20)2-P=O 



20 



and 



25 



I 



OH 

I 



0 OH 



30 

These phosphorus materials increase the adhesion of the cured films to various substrates, specifically to copper, tin, 
Q-10 boards and electronic components. The amount of adhesion promoter is preferably at least 0.1 weight percent of 
the composilion and Is preferably the mixture of phosphorus materials defined above in amounts of from 2 to 4 weight 
percent 

^ These organic conformal coating compositions need to have from 1 to 1.000 ppm by weight of a polymerization 
inhibitor present based on the total weight of the composition wherein the inhbitor is derived from 0 to 100 ppm of 4* 
methoxyishenof. 0 to 500 ppm of hyciroquinone and 0 to 500 ppm of phenothiazine. These inhibitors can t>e present 
from the other ingredients or can b% added to give the proper shelf stability. The inhibitor is preferably present in an 
amount of at least 100 ppm by weight based on the lotai weight of the composition. The most preferred compositions 

40 have from 200 to 500 ppm by weight of polymenzation inhibitor where a mixture of hycftroquinone and phenothiazine are 
each present in anwunts of from 1 00 to 300 ppm by weight. 

These composittons can also contain a fluorescent dye in amounts of from 0 to 0.015 weight percent of the com- 
positioa These fluorescent dyes are used to determine the degree of cover^e of the f ilrre on the printed circuit boards 
so that one can be sure that the film covers all of the areas necessary and to the film thickness desired or required for 

45 a particular printed circuit board. The prefenred compositions contain at least 0.005 weight percent of a fluorescent dye 
and the most prefenred compositions contain from 0.005 to 0.01 weight percent of fluorescent dye. An example of a 
fluorescent dye is Uvitex OB. 

The organic conformal ooating compositions may contain other ingredients such as fungicides, as long as these 
materials do not add to the conosive nature of the composition or deleteriously effect the electrical properties of the 

so uncured composition or the cured product 

These connpositions are ones in which the composition will not corrode the electronic components which it contacts 
either in the uncured or cured state. The composition is essentially neutral and must not contain ingredients which may 
change this neutrality A change in neutrality results in a composition which causes corrosion to materials used in elec* 
tronic components. For exanipte. the con^)06ition of the presem invention should not a such as the tertiary 

55 organic amines which are often used as photo-sensitizers. because these amines cause corrosion to metal substrates 
found in the electronic components. Also adcfic materials should not be used in the compositions of the present invention 
t>ecause these materials also cause con'osion. 

These compositions are particularly useful in coating and encapsulating electronic components because tiie vis- 
cosity of the composition is less thani Pa - satSO^'FCircuitboardscanbedippedintotNscoatingcompositioa allowed 
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to drip to an even coat then exposed to ultraviolet radiation for a few seconds for curing and in those situations where 
post curing is required, the coated boards are heated to complete the curing cycle. These conpositions can also be 
sprayed or brushed onto the circuit boards. Under certain coating circumstances or with certain combinations of com- 
position and substrate, dewetting of the coating on the substrate might be experienced. If such a problem is encountered, 

5 such as might result from contamination of the substrate surface, a surfactant can be added to the composition. However, 
suriactants can cause foaming during preparative steps, as well as. during the coating steps and therefae is not rec- 
ommended, tf the use of a suriactant cannot be avoided, a recommended surfactant Is one of the glycol siloxane type, 
such as Dow Corning (R) 57 paint additive. Amounts of surtaclant up to about 2 weight percent have been found to be 
effective. Surfactants may also cause the composition to be hazy. After the curing step or steps are completed, the 

10 boards can be tested, used or shipped immediately For the purposes of the application, the terms printed wire boards 
and printed circuit boards refer to the same type of article of manutacture. 

These compositions have a long pot life, a long shelf life, low temperature flexibility which is sufficient to provide 
stress relieving properties on coated printed circuit boards, pass thermal shock test, cure fast, are easy to use in pro- 
duction, are essentially solvent free, are a one package (one part or one component) system, have good electrical 

15 properties and can be made flame retardant without substantially changing the other characteristics of the present 
inventk)n. The shelf (He of the compositions of this invention which contain organic peroxide can be extended by keeping 
the compositton from contacting temperature above 25'*C. and if one has concern about the stability of the composition 
on storage, the compositions can be stored under refrigeratioa 

These compositions can be prepared by mixing the ingredient& The method of mixing is not particularly critical 

so except that the ingredients shouM be mixed to honnogeneity. Because some of the ingredients may be more viscous 
than others, the mixing procedure may be more difficult and slight heating may help readily disperse the ingredi nts. 
However, if heatis used, itwouldbeprefenredto leavetheperoxideout of the mixture until it is cooled to room temperatur . 
The peroxide Is sensitive to heat and may cause some unwanted reactton if present during any heating during th 
preparation procedura It may also be an advantage if the polymerization inhibitors are present during the early stages 

25 of the mixing procedure. After the composition is prepared, it is stored in containers which protect it from ultraviolet 
radiatk>n until cure is desired. When peroxkle is present, care should be taken to avoid high temperatures, especially 
for prolonged periods of time. 

These compositions can be cured by exposure to ultraviolet radiation and if peroxide is present thereafter heated 
to cure any portion of the coating or encapsulant which did not receive ultraviolet radiation. Such heating will cause the 

30 corrposition to cure in the dark regions (regions not receiving ultraviolet radiation exposure) and thus the compositions 
of this inventk>n have the ability to shadow cure. If these compositions are heat cured b^ 

radiatk}n. the surface of the resulting fflm will be tacky. Suri^ces which are tacky are unacceptable on printed circuit 
boarda 

A preferred compositton consists essentially of a blend of from 25 to 35 weight percent of an acrylated urethane 
35 oligomer mixture made up of 19 to 32 weight percent acrylated uretfrane prepolymer and from 3 to 6 weight percent of 
polyester urethane acrylate, from 10 to 15 weight percent alpha(1-oxo-2-propenyl)omega(nonylphenQxy)poly(oxy-i.2- 
ethanediyl) having a viscosity at 25"C. of from 0.1 to 0.12 Pa • s, from 20 to 35 weight percent isobornyl acrylate. from 
2 to 3 w^ght percent 2-hydraxy-2-methyl-1 -phenyl-propan-1 -one. from 4 to 8 weight percent dipentaerythritol monohy- 
droxy pentaacrylate. from 1 .5 to 4 weight percent l . 1 -bis-(tertiary-butylperoxy) cydohexane. from 3 to 6 weight percent 
40 2-hydroxyethylmethacrylaie. from 5 to 10 weight percent trixylenyl phosphate, from 2 to 3 weight percent off a mixture 
of compounds of the formulae 



(CH^=C-C-0CH^CH50)2-P=O 



so 
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and 



w 



CH. 



OH 



CH«=C-C'0CH^CH^O-P=O 
0 OH 



from 200 to 500 pf^n of a mixture of hydroquinone and phenothiazine each being present in an amount of from 1 00 to 
15 300 ppm and from 0.005 to 0.01 weight percent of a fluorescent dye. This preferred composition exhibits the advanta- 
geous properties as described herein Ibr conformal coatings^ but it was observed for some formulations the cured films 
developed a tackiness on the surface over a short period of time, such as a within one month after being cured. This 
surface tackiness was more pronounced with fbrmulations containing the higher concerrtrations of isobornyl acrylate. 
Compositions which did not develop this surfece tackiness of the cured films were discovered. These compositions 
20 consist essentially of a blend of from 30 to 40 weight percent of a mixture made up of 24 to 37 weight percent of an 
acrylated urethane prepolymer having a number average molecular weight of from 1 ,000 to 3,000 and of 3 to 6 weight 
percent of an acrylated urethane prepolymer having a number average molecular weight of from 3,000 to 6.000. from 
10 to 15 weight percm alpha-(1-oxo-2i>ropenyl)<)mega-(nonylphenoxy}-poly(oxy-1,2-e^ having a viscosity at 

25*0. of from 0.1 to 0.12 Pa • s. from 25 to 35 weight percent of dicyclopentenyloxyethyl acrylate, from 3 to 5 weight 
25 percent 2-hydroxy-2-methyl- 1 -phenyl-propan-1 -one, from 3 to 7 weight percent dipentaerythritol monohydroxy pentaacr- 
ylate, from 0.5 to 2 weight percent 1 .1 -bis-(tertiary-txjtylperoxy) cydohexane, from 4 to 9 weight percent 2-hydroxyethyl- 
methaaylate, from 3 to 8 weight percent trixylenyl phosphate, from 2 to 4 weight percent of a mixture of compounds of 
the formulae 



30 



35 



CH, OH 

1 ^ 1 
(CH2=C-C'OCH2CH20)2-P-0 

0 



and 



CH, OH 

CH^=C-C-OCH-,CH^O-P-0 . 
2 „ 2 2, 

0 OH 

45 

from 200 to 500 ppm of a mixture of hydroquinone and phenothiazine each being present in an amount of from 100 to 
300 ppm and from 0.005 to 0.01 weight percent of a fluorescent dye. These pretended compositions do not develop 
surface tackiness on the cured film. However, the tensile strength is observed to be a lower value, but stilt acceptable 

so for conformal coatings. In addition to overcoming cured surface tackiness, those compositions which are used as con- 
formal coatings for printed wire boards desirably contain the 2 to 4 weight percent of the phosphorus containing adhesion 
promoter to ensure adheston of the cured film to the board to prevent board failure due to atmospheric contamination 
such as nrv)isture (corrosion). 

These compositions have solvent resistance to such solvents as xylene, acetone, isopropanol, metliyl eUiyl ketone, 

55 freons and urethane thinners. Adhesion of the cured compositions to metal and plastic substrates, such as metal leads 
and pl^tic connector materials, is obtained. The compositions are non-conosive before, during and after cure, where 
cure includes both the uttravioiet cur and the post heat cur . The compositions have tiie ability to withstand thermal 
shock from -eS^'C. to 150^. The compositions of this invention exhibit a (ow weight foss upon cure. The compositions 
exhibit acceptable electrical properties for use as Insufative coatings and encapsulants tor electronic components, such 
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as volume resistivity and dielectric withstanding voltage. The composition of the present invention exhibits sufficient 
fungus resistance without the addition of additional fungicides, but in certain applications rt may be advantageous to add 
to this fungus resistance. If additional fungicide is needed, careful evaluation of the fungicide should be conducted to 
determine its effect on other properties, such as corrosion. The compositions also exhibit humidity resistance and resist- 
5 ance to soldering heat if fire retardant properties more than provided by the composition are needed, the fire retardant 
as described above should be used. 

Other kinds of UV curable compositions which can be used in this Invention can be found in U.S Patent No. 
4,780.486, issued October 25. 1988. issued to Chi-long Lee and Michael A. Lutz and also in EPA 0 437 247. published 
July 17. 1991. 

10 The method of the present invention can be used for UV curable conpositions which make films, coatings, encap- 
sulants in the electrical and electronics industries such as for printed circuit boards, electrical connectors and electrical 
splices. 

The following examples are presented fbr illustrative purposes and should not be construed as limiting the invention 
which is properly delineated in the claims. In the following exanrples. "parT or "parts'* represents "part by weight" or 
15 "parts by weighf. are percent by weight unless othenwise stated. 

Exffnplel 

A curable composition of this invention was prepared by blending 0.002 part of an anthraquinone dye purchased 
so from Sandoz Chemical, Charlotte. North Carolina as Nitro-ftwt Blue 2B. (which is also known as C. I. Solvent Blue 1 04) 
with the following ingredients to homogeneity: 

97.5 parts of an organosiloxane copolymer containing the following units, expressed in mol percent: 94% dimeth- 
ylsilQxane units, 1% dimetiiylvinylsiloxy units. 2% trimethylsiloxy units and 3% monomethylsiloxy units. The viscosity of 
the copolymer was 10~9 m2/5 at 25<*C.: 
25 1 .25 parts of a trimethyteiloxy-terminated polydiorganosiloxane copolymer containing an average of 43 dimeth- 

ylsiloxane units and 4 methyl(3-mercaptopropyi)siloxane units per molecule: and 
1 .25 parts of 2-hydroxy-2-methyi-1 -phenylpropan-1-one as the photoinitiator. 
The blended conposition was blue. A 1 0 g sarrple of the blue composition was passed through a U V-6 Single Lamp 
Conveyorized UV Curing Unit manufactured by Cdight Minneapolis. Minnesota The conveyor was set at about 0.01 5m/s 
30 (3 ft/min) and the lamp was at 200 watts. The composition changed to light yellcw and was fully cured. The cured sampi 
remained yelk>w for at least six months. 

EXAMPLE 2 

35 An ultraviolet radiation curable siloxane composition was prepared by adding 0.002 part of Nitro-Fast Blue 2B to a 
mixture of 65.5 parts of a silicone resin having the average siloxane unit fonmula 

(MeSi03y2)7.5(PhSi03/2)37.6(Me2SiO)3o.i{MeVisiO)2o.oHMe3aO 

40 which had a vinyl content of 5.2 weight percent, a value fbr h to provide an OH content of 1 ,49 weight percent, a non- 
volatile content of 97.4 weight percent and a viscosity of 14.5 Pa • s. 1 7.5 parts of an organic mercaptofunctlonal com- 
pound having the formula 



CH3 CH^C ( CH^OCCH^CH^SH ) 3 

so 

{trimethytolpropane tri-(3-mercaptopropionate» [TMPTMPl, 10 parts of tripropylene glycol diacrylate [TRPGDA], 
5 parts of Isobornyl aaylate [IBA], 3.08 parts of photoinitiator of the formula 

55 
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0 

HO(CH3)2C-C-CgH5 



10 and 0.005 part of a UV dye fluorescent indicator. Uvitex OB. A sample of this mixture was kslue and after exposing it to 
U V radiation as described in Example 1 . it turned yeliow and remained yellow. 

Ex^mpig 3 

IS A UV curable organic composition in accordance with this invention was prepared by adding 0.002 part of Nitre- 
Fast Blue 2B to 100 parts of a mixture prepared by blending at room temperature in a container which protects the 
composition from eiqdosure to ultraviolet radiation, until the mixture was homogeneous Eberyl 4883, Ebecryl 230, QM- 
672, 2-hydroxyethyl methacrylate. alpha-(1-oxo-2-propenyl)-omega-(nonylphenoxy)-poly(OKy-1.2-ethanediyl) (M-113). 
trixylenyl phosphate, 2-hydroxy-2-methyl-l-phenylpropan-1-one (Darocurll73). adhesion promoter (PM-2). dipentaer- 

20 yttiritol nrK)nohydroxy pentaacrylate, fluorescent dye, inhibitors and 1,14}iS'(tertiary-butylperoxy) cyclohexane. The 
resulting composition was a confbrmai coating composition which cured both by exposure to ultraviolet radiation and by 
heating. The ingredients and their anxHjnts were as shown as follows: 



2S 





Percent 


Ingredient 




4.36 


Acrylated uretiiane prepolymer, Ebecryl 230 sold by Radcure Specialties. Virginia 


30 


28.8 


Oicyclopentenyfoxyethyl aaytate. QM-672 sold by Rohm and Haas Company of Pennsylvania 


7.6 


2-Hydroxyethyl methaaylate. sold as Rocryl 400 by Rohm and Haas Company of Pennsylvania 




13.1 


M-113 sold by Toagosei Chemical Industry Co.. Ltd, of Tokyo. Japan 


ds 


4.36 


Trixylenyl phosphate. Kronrt«x(R) TXP sold by FMC Corporation, Industrial Chemical Group 
Pennsylvania 


4.18 


Darocur(R) 1 173. sold by EM Chemicais, EM Industries Company, Hawthorne, New York 




1.74 


Kayamer PM-2, sold by Nippon Kayaku Co.. Ltd.. Plastic Division. Tokyo. Japan, tiiis is ttie mix- 
ture of phosphorus material having the fomnulae described herein for tiie acttiesion promoter 


40 


30.5 


Acrylated urethane oligomer, Ebeayl 4883 soki by Radcure Specialties, Virginia, this material 
is 85 % acrylated urethane oligomer and 15 % tripropylene glycol diacrylate 




4.36 


Dipentaerythrilol monohydroxy pentaacrylate. SR-399. sold by Sartomer Company. Division of 
Sanomer Industries, Inc.. Pennsylvania 


45 


1.0 


1 .1 -bis-(t-butylperoxy)cyciohexane. SP-400P soM by Witco Chemical. U.S. Peroxygen Division. 
California 




0.009 


Uvitex OB, fluorescent dye 




200 ppm 


Hydroquinone 


SO 


200 ppm 


Phenothiazine 




0.002 


Nitro-Fast Blue 2B 



This mixture was blue and had a viscosity of 0.42 Pa * s at 25«C.. HAV, spindle number 3. 50 rpm, at 2 minutes. When 
55 this mixture was exposed to ultraviolet radiation as desaibed in Example 1 . it changed to yelfow and was fully cured. 
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UV curable compositions were pr^red as described in Example 1 , except the 2-hydroxy-2-methyl-1-phenylpropan- 
1 -one were left out and another photoinitiator was used in its place as indicated below. The mixtures were prepared by 
5 mixing 0.79 part of the photolnitiators listed below with 49.5 parts of the UV curable composition as described in Example 
1 but without the 2-hydroxy-2-methyl-1-phenylpropan-1-one. The Colight system used to expose the samples to UV 
radiation was the same as desaibed in Example 1 . The results observed were as described below along with the pho- 
toinitiator used in each case. 

10 Sample 1 : Benzophenone : passed through the Colight system once did not cure or change color, a second pass 
through the Colight system changed the color a littte to a paler blue and the film was stightty cured, after four passes 
through the Colight system tiie blue was almost gone and the film was almost cured. 

Sample 2: 

15 

0 OH 

11 I 

CgHj-C-C-CH^— CHj : 
CH2""CH2 " 



25 passed through the Colight system once produced a good cure and the color changed to yellow. 

Sanvle 3: Oiethoocyacetophenone : passed through the Colight system once produced a good cure and the color 
changed to dark yellow. 

30 Sample4: A mixture of 50 weight percent 



35 



0 OH 

» ] 

CgH5-C-C-CH2- 



-CH, 



CHj-CHj-CHj 



40 

and 50 weight percent benzophenone : passed through the Colight system once produced a good cure and the 
color changed to dart( yellow. This yellow was the same as observed for Sample 3. 

These samples showed that the color change occurred with different kinds of free radical producing photoinitiators. 

45 

Example 5 

An ultraviolet radiation curable composition was prepared as described in Example 1 except 1 -amino-2-bromo-4- 
hydroxy-arthraquinone (Sandoplast Red 2B powder, made by Sandoz Chemicals. Chariotle. North Carolina). TTie com- 
50 position was red in color before being exposed to ultraviolet radiation by passing it through ttie CoHght system as 
desaibed in Exanple 1 . After the exposure Id the UV radiation, ttie composition was cured and had changed color from 
red to yellow. The color did not return upon standing. 

55 

An ultraviolet radiation curable composition was prepared as described in Example 1 except a disazo dye sold by 
Sandoz Chemicals. Charlotte. North Carolina, as Nitro Fast Yellow B powder (also known as CI. Solvent Yellow 30. C.I. 
21240. has a formula C37H36N4O2 and a CAS number 3321-10-6). The composition was dark yellow in color before 
being exposed to ultraviolet radiation by passing it through the Colight system as described m Example 1 . After the 
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exposure to the UV radiation, the composition was cured and had changed color from dark yellow to very pale yellow. 
The color did not r turn upon standing. 

Claims 

1. A method of indicating a cure point of an ultraviolet radiation curing conposition which comprises: 

adding a non-cure inhibiting amount of a dye-with a visible color to an ultraviolet radiation curable composition 
comprising a photoinitiator which generates free radicals upon exposure to ultraviolet radiation and a composition 
which cures upon exposure to ultraviolet rad&atm which consists essentially of a silicone resin having a general 
average unit formula 

in which each R' in each unit is independently a monovalent organic radical where at least 10 mote percent of the 
total R' are phenyl radicals and at least two R' per nrxslecule are aliphatic unsaturated radicals which react with 
mercapto functionality and £ has an average value of from 1 .2 to 1 .8; an organic mercaptan composed of carbon, 
hydrogen, sulfur and oxygen in which there is at least two mercapto groups per molecule; an aaylate monomer 
having at least one acrylate group per molecule in an amount of at least one weight percent based on the total 
weight of the composition: an effective amount of a free radical inhibitor to delay geltation during storage, the com- 
position has more than two aliphatic unsaturated radicals per molecule In the silicone resin when the organic mer- 
captan has two nr^ercapto groups per nx>lecule or more than two mercapto groups per molecule in the organic 
mercaptan when the silicone resin has an average of two aliphatic unsaturated radicals per molecule or both more 
than two aliphatic unsaturated radicals per molecule in the silicone resin and more than two mercapto groups per 
molecule in the organic mercaptan and amount of silicone resin and organic mercaptan being such that there is 
from 0.5 to 1 .5 aliphatic unsaturated radicals in the silicone resin for each mercapto group in the organic mercaptan, 
and 

thereafter exposing the resulting composition to a dosage of ultraviolet radiation which causes the visible 
color to either disappear or change to a different color indicating that cure has occun'ed coinddentally, 

2. A method according to claim 1 wherein the sHioone resins comprise from 20 to 40 mole percent nrionophenylsilsesqui- 
oxane units, 1 0 to 20 mole percent monomethylsilsesquioxane units^ 20 to 35 mole percent dimethylsiloxane units 
and 10 to 30 mole percent mettiylvinylsiloxane units. 

3. A method accading to daim 1 or claim 2 wherein the organic mercaptan is trimethyiofpropane tri(3-mercaptopro- 
pionate). 

4. A method according to any of the preceding daims wherein the free radical inhibitor is selected from p-methoxy* 
phenol, phenothtazine and mixtures thereof. 

5. A method according to any of the preceding claims wherein the ultraviolet radiaton curing composition comprises 
a silicone resin in an amount of greater than 35 weight percent from 5 to 30 weight percent mercaptan compound, 
from 1 to 25 weight percent acrylate compound, from 1 to 4 weight percent photoinitiator. less than 0.05 weight 
percent free radical inhibitor and optionally, from 1 to 5 weight percent of aganic peroxide. 
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